Spontaneous glomerulonephritis was found in seven six-month-old littermates from a leukemic sow. Light microscopy of the glomerular lesions showed proliferation of the mesangial cells and increase of the mesangial matrix with deposition of homogeneous materials. All glomeruli were affected, but the seventy of the lesions varied among pigs. The glomerular capillary walls had local and segmental changes such as thickening and/or irregularity. Electron microscopy revealed dense deposits in the mesangial, paramesangial, subendothelial, subepithelial, and intramembranous areas. The mesangial and paramesangial deposits were most characteristic and prominent. In five of seven pigs, the clusters of extracellular spherical microparticles with a diameter ranging from 25 to 60 nm were observed in the subepithelial, intramembranous, subendothelial, and mesangial areas. No conspicuous lesions were noted in other organs.
Spontaneous glomerulonephritis formerly was considered a rare lesion in domestic animals. Today many studies of glomerulonephritis have been done, and the condition is relatively common in domestic anim a l~.~~.~~ In small animals, histological variations and clinical significance of the glomerulonephritis have As in man, two major immunological mechanisms may mediate the glomerular injuries, and glomerulonephritis occurs either as the primary lesion or as secondary involvement in association with systemic disease in animal^.^^**^ Several chronic viral infections are known to be associated with an immune complex glomerulonephritis in animals as well as in man. Among them, feline leukemia virus has caused glomerulonephritis due to deposition of group specific antigenantibody complexes in a high percentage of infected cats. 1. I I . 23 In human patients with acute myelocytic leukemia, group-specific antigen with cross-reactivity to feline leukemia virus was detected in the glomeruli, and antigen-antibody complexes also are suspected of causing glomerulonephriti~.'~ There have been only a few reports describing swine glomerulonephritis in association with chronic hog cholera5-' and African swine fever.I7 Recently, the authors had a chance to observe the kidneys of the littermates from a leukemic sow, and encountered glomerulonephritis.
Materials and Methods
Nine piglets of one litter were obtained at three months of age. The dam of the littermates was slaughtered about one been well studied.9. 16.18-20.22.25.29 .3 I month after the pigs were born, and was affected with malignant lymphoma. 26 The pigs were maintained conventionally.
Three months later, seven of nine pigs were necropsied. Renal specimens were sampled bilaterally, fixed in neutral buffered 10% formalin, and embedded in paraffin and JB-4 resin (Polyscience Inc., Wamngton, Pa.). Paraffin-embedded renal tissues were sectioned at 4 pm and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), periodic acidmethenamine silver, and Gomori's one-step trichrome. Semithin sections were cut from the samples which were embedded in JB-4 resin and stained with periodic acid-methenamine silver. Other organs also were fixed in neutral buffered formalin and embedded in paraffin. Four pm sections were cut and stained with HE.
For electron microscopy, small renal samples were fixed in 2.5% glutaraldehyde for two hours, postfixed in 1 % osmium tetroxide for two hours, and embedded in epon. Ultra-thin sections were cut, stained with uranyl acetate and lead citrate, and examined in an electron microscope at 80 kv.
Results
No conspicuous lesions were observed in the kidneys or other organs in any pigs at necropsy. Light microscopy revealed glomerular lesions in the kidneys of all pigs (table I) . The most characteristic glomerular lesions were proliferation of mesangial cells and increase of mesangial matrix ( fig. 1 ). All glomeruli were affected by these lesions, but the degree of involvement varied from one glomerulus to another and from pig to pig. In the most advanced lesions, twenty or more nuclei were present in the widening mesangial area. There were hemispheric deposits in some paramesangial areas (figs. 2, 3). Degenerative or necrotic mesangial cells which were estimated by nuclear pyknosis and frag- mentation were observed in some glomeruli of all pigs. In two pigs, some peripheral areas had endocapillary proliferation in which there was accumulation of hypertrophic cells with round nuclei. There was segmental thickening and/or irregularity of the glomerular capillary walls. Prominently thickened capillary walls were converted into brightly eosinophilic and homogeneous bands which resembled "wire-loop lesion." In the trichrome-stained sections, these were seen as red bands along capillary walls. Massive and hemispheric deposits existed in the paramesangial areas, but coarse to fine granular deposits were detected in the mesangial areas and capillary walls ( fig. 4 ). In three pigs, local spike formation was seen in a few glomeruli. Eosinophilic and PAS-positive deposits and cellular proliferation also were present in the extraglomerular mesangial regions of a few glomeruli.
No crescent formation nor complete sclerosis were found in glomeruli of any pigs. There was no adhesion between the glomerular tufts and Bowman's capsule.
Interstitial mononuclear cell infiltration and fibrosis were found in all pigs, but these lesions were slight and localized. Some proteinaceous fluid, hyaline casts, and erythrocytes were found in the tubular lumens.
Electron microscopy was undertaken to investigate the distribution of the deposits in the glomeruli. Electron-dense deposits were classified into five groups according to their location as mesangial, paramesangial, subendothelial, subepithelial, and intramembranous (table 11) .
Most subepithelial deposits were small, and in some areas were partially or completely surrounded by newly formed basement membrane-like materials ( fig. 5 ). Subendothelial deposits were encountered more frequently than subepithelial deposits and they varied in size. Large and massive deposits, which might be seen as the "wire-loop" by light microscopy, sometimes were linked to the paramesangial deposits found directly under the glomerular basement membrane in the mesangium (figs. 6, 7). Mesangial deposits detected in the matrix were similar to those seen in other areas and usually were small ( fig. 8) . Small dense deposits also were observed in the intercellular matrix in the extraglomerular mesangial regions. In addition to the dense deposits, the extra-cellular clusters of spherical microparticles with a diameter ranging from 25 to 60 nm were observed in five of seven pigs. These clusters were found in the subepithelial, intramembranous, subendothelial, and mesangial areas (figs. 9, 10). No budding form of the microparticles was detected. They sometimes made contact with dense deposits and the indistinct portions of the cytoplasmic membrane of the epithelial cells.
The lamina densa showed reduplication, wrinkling, splitting, thickening, and some thinning ( fig. 9 )-especially in the area with spherical microparticles or dense deposits. Villus transformation occurred in epithelial cells. Partial mesangial interposition occurred in the severely affected glomeruli, but no circumferential interposition was observed. No noteworthy lesions were observed in other organs from any pigs.
Discussion
It is interesting to note that the present pigs were littermates from the sow which was affected with a malignant lymphoma after the pigs were born. The dam of the littermates also was an offspring of a sow with malignant lymphoma.26 Macroscopically and microscopically there were no conspicuous lesions in other organs which might produce secondary glomerular involvement in pigs.
Feline leukemia virus frequently caused glomerulonephritis due to deposition of group specific antigenantibody complexes in cats.'. Glomerular immune complex disease was found in 10% of kidneys from human patients with lymphoma-leukemia, and the interspecies antigen of the mammalian oncornaviruses was detected in the glomeruli of two patients with acute myelocytic le~kemia.~' Swine malignant lymphoma has not been proven to be induced by virus, however, the presence of C-type virus particles was reported in a cell line from a leukemic ~i g .~* *~
The possibility that glomerular lesions of our pigs might be related to the condition of their dam was not excluded.
Morphologically, the lesions in our pigs might be classified as diffuse mesangial proliferative glomerulonephritis or focal proliferative glomerulonephritis. Some mesangial cells were necrotic and degenerative, and endocapillary proliferative lesions were detected in the glomeruli of some pigs. It was not possible to determine the morphogenesis of the glomerular lesions in these pigs, but they might be preceded by other lesions, such as diffuse endocapillary proliferative glomerulonephritis. In addition to mesangial proliferation, hemispheric paramesangial and various-sized mesangial deposits characteristically were seen in our pigs by light microscopy and electron microscopy. It is interesting that these mesangial lesions also have been regarded as morphological characteristics of immunoglobulin A nephropathy.13-15*21*24 La rge subendothelial deposits, which were seen often in our study, were observed frequently in lupus nephriti~.'.~. I2 No im- munological investigations were done in our study, but electron dense deposits might be composed of an accumulation of immune complexes as well as other serum protein.
The glomerular lesions in experimental chronic hog cholera have been described.6 In this study, the glomeruli had proliferative changes with neutrophil accumulation in all phases of the disease. In our pigs, generalized diffuse or focal proliferative lesions also were seen, but these lesions usually were due to mesangial prolif- eration. Electron dense materials in the mesangium, primarily along the epithelial basement membrane, were seen in both experimental hog cholera and in our pigs.
In addition to dense deposits, characteristic extracellular spherical microparticles were deposited in the glomeruli. No reports have described the deposition of these microparticles in the glomeruli of animals. In man, however, those have been observed in the glomeruli with relatively high f r e q~e n c y .~.~.~ In our pigs, the distribution and range of diameter of the particles were similar to those in man. Origin of the particles was unknown, but might be non-viral because of the extra-cellular location and lack of budding forms. Particles sometimes contacted dense deposits or were associated with the indistinct portions of the cytoplas-mic membrane of the epithelial cells. Furthermore, glomerular basement membrane frequently was affected in parts of the deposition of spherical microparticles. Those might arise from degenerated cytoplasm, changed dense deposits, or altered glomerular basement membrane.
From this study, no pathogenesis of glomerular injuries of these pigs was elucidated, but immunological mechanisms might be involved based on morphological findings. Further investigation might determine whether glomerular lesions of these pigs will be common or unique in swine glomerulonephritis. 
